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1.Abstract

The first part of this project was precisely a manual training process on how to create
and generate duty cycle and vehicle dynamics such as velocity, acceleration,
gradient angle, aerodynamic force and different averages of power for an off-road
vehicle for corporate and recreational use in the entertainment field.

The second part of the project was to develop the components for a series of hybrid
off road buggies from start to finish. This was done firstly by researching the
specifications of components from different manufacturers such as the efficiency of
electric motors, maximum voltage and torque. The creative design was based on
available accurate data for each component, which was compiled in an excel
spreadsheet in order to find the power required to power the components of the

buggy.

Additionally, the project looked at alternative series hybrid technologies which work
with an Internal Combustion Engine (ICE) with enough power to provide average
power for the generator, wheels, motor and controller, with an energy storage device
and controller, and find the final drive ratio solution.

Finally the project provides outline costings and makes recommendations for
maintenance of the buggy. The project consists of charts and graphs to show the
results of calculation processes.
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4. Introduction

We are now in the 21st century and the world is full of economic and political
pressures. Entertainment technology is a solution to the mental pressure through
programs for entertaining and racing cars or horses. This project is to design an
entertainment facility which is a buggy used for racing or off road trips in forests or
deserts.

The first question in the buggy design process is the reproducibility of the road load
of the buggy. Some developers use road simulators, which is a fantastic device to
evaluate the buggy’'s performance and test its endurance.

The sector of corporate entertainment is focusing on the typical duty cycle during the
buggy’s use for big festivals or entertainment events.

A lot of authors describe the normal vehicle as a ground vehicle because they
deal with different types of ground, as Wong describes:

performance characteristics of road vehicle refer to its capability to accelerate,
decelerate, and negotiate grades in straight-line motion, the tractive (or brake)
effort developed by the tyres and resisting forces acting on the vehicle determine
the performance potential of the vehicle.

(J.Y.Wong, 2001)

The buggy loads are related to physical laws and thus depend on the
environment principals such as the mass the buggy’s structure and
distributing this load at the four wheels, gravity must also be taken into
consideration, the vehicle movement and acceleration by using the Newton's
second law, the rolling resistance for three directions when you're climbing
and while in a straight line finally when going down from the slope at each
tire, the aerodynamic resistance.

(SAE, 1993 )




5. Parts required to the buggy

Electric Motor drive

EMRAX 188 Technical Data Summary
Mechanical Electrical

Axial flux synchronocus

permanent magnet Maximal battery 400 (HV) / 270 (MV) 7 100
motor/generator: sinusoidal three voltage Vde (LV)

phase

Type

Peak power
Casing diameter: 188 mm 60 KW
il b (3t 6000 RPM)

Coninuous

Axial length 77 mm up to 32 kKW
power®
Ory mass: ©.8 kg (AC) / 7.0 kg (CC, LC) Peak torque: 90 Nm
air {(IP21) / water glycol (IP65) / Continuous
Stator caoling: i . ) ay (PG s up to 50 Nm
acombined (IP21) torque*:

Front: 6x M6 threaded holes
v i 98%
Suntng Back: 8x M6 threaded holes Eeiency: L0 SE

Figure (1) (EMRAX d.o.0, 2019)
The figure shows the motor specifications which are suitable for the project buggy,
such as the size 188 mm, and peak power 60 kw is enough from the maximum
power in the wheel buggy=20kw and average power is=2.4kw.

The next step is looking for a suitable controller for the motor with good efficiency
and a generator to provide energy and save enough in the battery. Also, a battery
will be needed with enough capacity to satisfying the motor with 270v.

BACK VIEW SIDE VIEW FRONT VIEW

"nl;_

= Xn "y,

Figure (2) (EMRAX d.0.0, 2019)




Technical Data table for EMRAX 188 motor

EMRAX 188
High Voltage
Air cogled = AC
Liquid cooled = LC
Combined cooled = Air + Liquid cooled

IP65

WF=8l/min
at 50°C;
AA=25'C

AFs20m/s;
AAS25'C

63 7,0

P21

WF=8lfmin
at50"C;
AA=25"C

7.0

400 Vidc (6400/7600 RPM)

Maximal rotation speed [RPM]
Maximal motor current (for 2 min if
cooled as described in Manual) [Arms]

Continuous motor current [Arms]
Maximal peak motor torque [Nm)

Continuous motor torque [Nm]

Torque / motor current [Nm/LAph
rms]

Maximal temperature of the copper
windings in the stator and max.
temperature of the magnets [*C]

Specific idle speed (no load RPM)
[RPM/1Vdc]

Specific load speed (depends on the
controller settings) [RPM/1dc]
Magnetic field weakening (for higher

Magnetic flux— axial [Vs)
Temperature sensor in the motor
Number of pole pairs

Rotor Inertia (mass dia=160mm,
m=3,0kg) [kg*cm’]

EMRAX 188 EMRAX 188
Medium Voltage Low Voltage

IPES P21 P21 IPES P21

WFs8l/min  WF=8|/min WFa8lfmin  WFs8l/min

A0S e, asoe MRS oepe  asoc

ARBSC  aase awst | MBC o aaeste

68 70 70 68 70 70
18877

270 Ve (6750/7830 RPM) 100Vdc (7000/7800 RPM)

70

15-28 15-30 17-35 15-28

7000 (8500 peak for few seconds)

upto 100

/
kty 81/210
10

/

6204:6204 {for radial forces) or 6204:7204 (for axial-radial forces; for pull mode; focusing on very high axial load, e.g. for air
Bearings (front:back) - SKF/FAG propeller) or 6204:3204 (for axial-radial forces; for pull-push mode; »0x orientation, a=25"); other bearings are possible

Figure (3)
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Main Parts

1.Motor efficiency 96%
2.Motor controller.

2. Generator.

3. Battery.

6. Controller emDrive 500

EMRAX MOTOR SUITABLE CONTROLLERS

188 LV Emsiso emDrive 500
Unitek Bamocar D3-400-200/400,

Drivetrain innovation DTI HV-500
Scott Drive SD100,

Sevcon Gen5-59,

RMS PM100DX

Figure (4) (emsiso.com, 2019) (emrax.com, 2019)
The figure shows a suitable motor controller which is recommended by EMRAX 188
motor.

Features
1. Continuous power is 62kvA and 1110 KvA is peak motor power.
2. Induction, BLDC and PMSM motor types.

3. Good isolation galvanic chips between the power signals and the control.
4. The range of the battery needs between 30 to 120 v.

5. Constant motor current 500arms, which is one minute peak 800 arms.

6. Is not air cooling but is liquid cooling (emsiso.com, 2019).

Benefits

1. Different renewable modes.

2. Advanced, works with hall sensors also sinus vector control.

3. An Automatic field weakening mode for PMSM and induction motors.

4. Motor and controller protection with low battery voltage or with gradual power
decrease at high temperature.

5. The cost is affordable and optimized.

6. Light weight and compact size (emsiso.com, 2019).

emDrive SO0

BILIDC motor controller
IDarasheet V2.6

Figure (5) (emsiso.com, 2019)




Controller emDrive 500 Engineering Drawing

Figure (6) (emsiso.com, 2019)

7. Generator

This part is important to save energy in the battery storage to prevent any sort of
faults or weaknesses that might occur under any sort of circumstances. The chosen
generator which is suitable for the buggy is

Generator P101

For use with high speed performance turbo diesels.

Specification

185kW output power
4200rpm maximum engine speed

Figure (7) (Magnetic Systems Technology , 2019)
This generator is used for 4200 RPM high engine speed which is suitable for the
buggy. The minimum power average that can flowing through the motor and motor
controller starts from 2.4 kW to 2.7 kW and the maximum power going through the
motor is 20 kw and the motor controller maximum is 24 kW.




8. BMS Storage system

Orion BMS (Criginal)

Figure (8) (Orion BMS, 2019)

This system is a very important system to keep and store the power during all the
devices functions. This system calculates the state of charge (SOC), and also
calculates the charge limit (CCL) and discharge current limit (DCL) (Orion BMS,
2019).

Max Battery voltage
EMRAX 188 motor medium voltage needs battery with limit 270 vdc to cover all the
motor requests. Max required to motor = battery v =270dvc

Bosch $4 Car Battery 110 (80Ah)

The reason for choosing a lead acid battery with a charger is because it is a reliable
and safe system and has good performance. It consists of a 90v battery and truck. In
this case a BOSCH battery will be used which is required for an EMRAX 188 motor.

5110

Figure (9 Euro Car Parts, 2019
g
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Battery charger

Figure (10)

(curtisinstruments.com, 2019)

The Curtis model 1621 battery chargers are widely used in domestic settings and for
general industrial batteries such as powered race vehicles.

Specifications

DOC Output:
DC Qutput Voltage - nominal
DC Qutput Voltage - maximum
DC Sutput Current - maximum

Interlock Current - maxirnum

eV
1BA

1A 05 A

Battery Type

Reverse Polarity

AC Input

AC Input Voltage - range

Specific to welected algorithm
Electronic pratection — auto-reset
El

85 - 265 VAC

AC Input Voltage - nominal
AC Input Frequency
AC Input Current - maximum/nominal
AE Power Facter - naminal
Mechanical
Dimensions
Vieight

Environmental

120WVAC / 230 VAC rms
45 - 65 Hz
9.5 A rms & 120 VAC or 5 A rms @ 230 VAC

= 0.99 @ 120 VAC / = 0.98 & 210 VAC

2B0x29.6% 11.0am (11 2 7 x4.37
< 5 kg (= 11 |bs) wrstandard output cord

Enclosure: IP66 (NEMA4)

g Temperature
Storage Temperature

AC Input connacier

-30°C to +507C (-22°F ta 1227F), de bewve 30°C (267F), below 0°C (32°F]

-40°C to +70°C {-40°F ta 158°F)

IEC220/C14 (require = 1.8m localized cord)

O output connectar

Figure (11)

Anderson Powsr Connector SB550 Deutsch Signal Conneclor DT 8-pin, DTOG-0B5A

(curtisinstruments.com, 2019)
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Charger engineering drawing

DEUTSCH DT 8PN PLUG
"

MODELTLATING LABEL

M (e}
GROUNDING STUD
SERIAL NUMBER LABEL

_H - : ANDERSCN POWER CORNECTOR, 50550
- 0 70u02 ! i 3 ITPUT  (BLACK WIRE)

M (smem) NOTES:

1. ALL DIMENSIONS £0.5 UNLESS OTHERWISE NOTED

2 MOUNTING HOLES ACCEPT EITHER 114" OR
METRIC MG SCREWSBOLTS

Figure (12) (curtisinstruments.com, 2019)

Chain drive

Figure (13) ( Westgarage Engineering , 2017)

The main purpose of this part is to transfer the rotation speed (Torque) to and from
the wheels while the motor is running, throughout the chain or belt ( Westgarage
Engineering , 2017).
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9. Calculation operations

Average power=2.4kw

Max Power=20 kw
Generator output power = 500 kw
Engine HP/110

Engine Torque 577.7 Fb converted to N/M =783.25 N/M
Maximum wheel force= 2000N
Maximum Velocity =10 m/s

Power needs = 2000 x 10 = 20 kW
Maximum force =2000/N

EMRAX 188 Motor Torque= 100 peak 50 continues Nm
Max T = Max power X wheel Radius =2000N X 0.41M= 820 Nm
FD= 20:1 ratio = 13
820
motor torque = =0 41Nm

Overall wheel D=32.6 Inch converts to meter =0.82 m /2
R=0.41m
wheel circumference = 2x3.14xR =2 x 3.14 x 0.414 =259 m

Wheel RPM=—neximumveloclty _ 10 _ 3 gg rps x 60 = 231 revs per m At the wheels

wheel circumfrnace 2.59

Final Drive solution = 20 x231 =4620 rpm speed at the motor

Motor efficiency = 96%

Controller efficiency =96%

Generator efficiency =95%

ICE efficiency =95%

Average power at the wheel =2.4 Kw

MAX Torque =20kw

Max force= 2000N

to calculate Motor output by average power=3.3kw

Average power 2.4
- =——=25kW

motor ef feciency 0.96

motor output 25
. =——=2.6 kW
Motor ef feciency 0.96

Chain drive input & Motor output=

Motor input & controller output =

13




. tor i t 2.6
Controller input & Generator output = ————— 2 =22 =2 7 kW
Generator ef feciency 095

controller output _ :

27 =2 8 kKW

ICE ef feciency 0.95
Generator input _ 2.6

Generator input & ICE output=

Generator input & Batter output = Satisry sffeclens  M9E =2.7 kw
Generator input = —e TV OUPE 27 _p gy
Battery ef feciency 0.95
to calculate Motor output by max power =20 kw
Chain drive efficiency%=0.95
chain input & mortor output =% = 21kw
Motor in put &Controller output =— 2" SUPUL_ = 21 = 54 8 kW

motor ef feciency 096

: 3 rolleri 21.8
controller input Generator output =—— T TPLE =218 =59 7K\
controller ef feciency 0.96

. _ Generator input =22.? =
Generator input &ICE output = e e —ooes 22 8 kKW

ontrolle tput 227
Generator input & Battery output = —————" PT -

- =23 kw
Battery effeciency 0.95

Total Power kW = 23 — 2.7= 20 kW to jokes x3600000=73333 Joles

—_

2.7 kW Generator

Moter Contraller

96% — 95%

Motor 23-2.7=20 k\'\’]ﬂ&

BMS Storage system
95%

Average power=2.4kw

-

Max Power=20 kw

Figure (14 E.Barsoum, 2019
g
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EMRAX 188 Efficiency map

Peak torque i ..,
90 2

Torque [Nm]
w
(=]

10 86-90%

0 1000 2000 3000 4000 5000 £000 7000 8000
Motor speed [rpm]

Figure (15) (emrax.com, 2019)
shows the motor efficiency is 96% which is match engine torque=50NM and max
motor speed=4620rpm.

EMRAX 188 High Voltage CC
Torgue vs. Irms

1 rems [A]

Figure (16) (emrax.com, 2019)

The Electric Vehicle (EV) is the same as ICE because as the vehicle goes faster,
more fuel is burned and used, but when EV goes faster and power is lost and used,
power can be generated, which extends the traveling time.

15




2000,00 -

1800,00
1600,00
1400,00
1200,00

1000,00

Power [W]

600,00
400,00 -

200,00 -|

0,00

800,00 -|

EMRAX 18? High

Voltage CC
Free run losses

1000

2000 3000 4000 5000 6000 7000 8000

Motor speed [rpm]

Figure (17) The figure shows power increased as the buggy speeds too.

10. Outline Costings

Components
| Electric Motor
Mator Controlle
Generator

Battery

Chain Drive
Battery charger

Figure (18)

mstin_g_

H005

r|£18%08
£54240
£18.9
£1%

£267.50

https

-/ [emrax.com/products/emrai-188/

https:/

s 2mdrive-mability.com/emdrive-500

ebay Price

http:/

I
T
[ WWW

maztec.co.uk/indeiphp/en/products-gh/senerators/pl01-generator

hitps

. lwww eurocarparts.com/ecp/o/car-parts/car-glectrics-and-car-|ighting /e ectrical/ car-battery /244

htps

:[/chaindrivediff.co.uk/product/ibSath-lsd-chain-drive-differsntiall

htps://

. batterymegastore.co.uk/ delta-q-1621cs-3611-36v-batteny-chargerhtm

As the figure shows the total price for all the parts is £ 5,292, which is a reasonable
price for buggy to perform properly in a track race.

This is the final result of research to find the most suitable parts to create a well
performing buggy.

16




11. Recommendations
18

Maintenance

1. Cleanliness is the first point to extend the buggy’s life, such as cleaning the
differentials areas before and after each run, to keep the axles running smoothly and
quietly without any sort of noise.

2.Shock absorbers which soak up bumps in the track can sometimes carry mud and
dirt while the buggy is racing. Some stiff surfaces might affect the ball bearing,
electronic parts like adaptors or actuators, lights, regular maintenance for these parts
is important.

3. Make sure all drive belts and drive pulleys and belts or chains are regularly
changed at the appropriate time.

4, Check that the bushings which always fit on the rotating components are not
damaged or need replacement.

5. Check for any sort of oil leaks and damage to gears and differs.
6. Regular maintenance for the electric motor to let it run efficiently and smoothly.

7. Check the battery voltage and charger are working always while warming up the
engine before going to the track ( HPI Racing Ltd, 2019).

17




12. Discussion

Race buggy with series hybrid vehicle parts is conventional buggy particularly when
works with ICE provides long operating range by utilizing the high energy density
advantages of using petrol fuels also provides good performance.

But the disadvantages of the buggy is poor fuel economy and separation of vehicle
kinetic energy while braking periods especially in urban or race track areas. Low
efficiency of hydraulic transmission in current buggies field, buggies or EV generally
are some advantages such as zero environment pollution and high energy efficiency.
The ICE battery density is lower energy density but hybrid electric vehicles (HEVSs)
use two sources of power, the primary power source and secondary power source

(M.Ebrahimi, 2018). ()
Awk. (]
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13. Conclusion

The main issues for a hybrid vehicle of this kind, is that power needs to be generated
managed and stored efficiently. The benefits of a hybrid design are that less power is
wasted and more power can be generated and stored which leads to longer running
times. To find alternative series hybrid technologies used with an internal combustion
engine (ICE) needs specific effective parts to provide average power at the wheels,
for example, an electric motor with good efficiency, a motor controller, generator,
(BMS) battery management system to store the energy, and a controller
(M.Ebrahimi, 2018).

ST =20
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Series Hybrid Part B

GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS

Instructor

Hello Ehab. Your calcs for sizing the force/torque
power and speed characteristics for the
components are fine. However the selection of ICE
and generator is far from clear. The operational
voltage is not adequately defined. There should be a
graph of energy flow into and out of the battery so
that it can be sized for capacity of joules. It also
need to be sized in terms of kw capacity in and out.
If you have any questions or require clarification
don't hesitate to contact me.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

@ cComment1

You should compare and contrast alternative motor and controller technologies.

@ Comment2

You should include graphs of velocity against tie, force against time and power against time.
You can then use this information to legitimise your component selection.

PAGE 6

@ Comment3

Peak power requirement is <20kw (it says 15kw in the spread sheet). Your motor is rather large.

PAGE 7

@ Comment4

Detaoiled component specifications should be included in the appendices.



PAGE 8

, Comment 5

What voltage are you proposing to run the motor and controller at?

PAGE 9

, Comment 6

This is a huge generator, for attaching to a stationary diesel engine. at 148kw it is far too large
for this application.

, Comment 7

What is the voltage and current for this generator?

PAGE 10

’ Comment 8

What does this unit do? How does it connect to the batteries?

, Comment 9

Where is the graph of energy flow into and out of the battery?

’ Comment 10

This is a 12v battery? You need about 100v ?

PAGE 11

, Comment 11

Which of these chargers are you proposing to use? Why is this selected as it is a mains
charger?

PAGE 12

PAGE 13

, Comment 12

Where did this generator come from. 500Kw?

, Comment 13

Calcs for final drive are ok. How will you achieve the 20:1 ratio?

PAGE 14

QM Sp.

Spelling error




Additional Comment joules?

Comment 14
Jokes? Ha ha.

Comment 15
Why have an efficiency for the ICE? Where did the 95% come from ?

Comment 16

Can your battery pack provide 20 kw peak power?

Can the pack absorb the 2.7kw average power?

Comment 17
Where is the information of your selected ICE?

PAGE 15

QM Awk.
Awkward:
The expression or construction is cumbersome or difficult to read. Consider rewriting.
Additional Comment It is not clear what you are trying to say here.

PAGE 16

PAGE 17

Comment 18
Some of the comments are rather generic.

PAGE 18
QM Awk.
Awkward:
The expression or construction is cumbersome or difficult to read. Consider rewriting.
Additional Comment What are you trying to say? Are you suggesting KERS? If so what are
the limitations in this situation?
PAGE 19

Comment 19
Why is less power wasted?

Comment 20
The main benefit is that the internal combustion engine can operate at the point of best 'brake



specific fuel consumption'.

PAGE 20

PAGE 21




RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
)

VERY GOOD 60-69%
©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-
authoritative. Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
information gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with
some reliance on information gained through class contact. Some omissions and
minor errors. Referencing conventions evident though not always applied accurately
or consistently.

Engagement with an appropriate range of literature, including sources retrieved
independently. Some over-reliance on texts rather than other sources. Referencing
may show minor inaccuracies or inconsistencies.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature.
High-level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
0)

GOOD 50-59%
0)

VERY GOOD 60-69%
©)

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

Knowledge of the basic underlying concepts and principles is accurate with a good
understanding of the field of study but lacks depth and/or breadth.

Competent knowledge of the basic underlying concepts and principles. Exhibits very
good understanding.



EXCELLENT 70-79% Excellent knowledge and understanding of the basic underlying concepts and
0) principles of the subject.

EXCEPTIONAL 80-  Exceptional, detailed knowledge and understanding of the basic underlying concepts

100% and principles.
0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying
0) concepts and principles. Failure to develop arguments, leading to illogical or invalid
judgements. Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and
contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending

49% towards description. Can interpret qualitative and quantitative data but with some

) errors. Some evidence to support emerging arguments and judgements but these may
be underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data, with minor errors. An emerging ability to use evidence to
support the argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data accurately. Ability to devise arguments using evidence to make
mostly appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret
) qualitative and quantitative data accurately and with some insight. Excellent ability to
devise arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80-  Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to
) devise arguments using evidence and make wholly appropriate and valid judgements.
PRACT ICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little
0) or no appreciation of the context of the application. Very weak evidence of different
approaches to problem-solving in particular contexts.



UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques

30-39% but without consideration and competence. Flawed appreciation of the context of the
0) application. Weak evidence of different approaches to problem-solving in particular
contexts.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of basic methods,

49% materials, tools and/or techniques. Basic appreciation of the context of the

) application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

GOOD 50-59% A good and appropriate application of basic methods, materials, tools and/or

) techniques. Clear appreciation of the context of the application. Good evidence of
different approaches to problem-solving in particular contexts and proposes mostly
appropriate solutions.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

0) techniques. Very good consideration of the context of the application. Very good
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCELLENT 70-79% An advanced application of a range of taught, basic methods, materials, tools and/or

0) techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCEPTIONAL 80-  Exceptional levels of application and deployment skills in particular practical contexts.

100% Outstanding identification of problems in particular contexts and formulation of
) wholly appropriate, thoughtful solutions / different approaches.
SKILLS PROF P 0/0

Transferable skills for life and professional practice (Communicate the results of their study/work
accurately and reliably, and with structured and coherent arguments; the qualities needed for employment
requiring the exercise of some personal responsibility within a structured and managed environment.)

FAIL 0-29% Work is poorly structured, disorganised, inaccurate and/or confusingly expressed.

0) Very weak use of language and/or very inappropriate style. Failure to work effectively
individual or as part of a group. Little or no evidence of the skills for employment
requiring the exercise of some personal responsibility.

UNSATISFACTORY  Work is poorly presented in a disjointed manner. It is loosely, and at times

30-39% incoherently, structured, with information and ideas often poorly expressed. Weak

0) use of language and/or inappropriate style. Flawed approach to individual or group
work, meeting only partial obligations to others. Limited evidence of the skills for
employment requiring the exercise of some personal responsibility.

SATISFACTORY 40- Mostly ordered presentation and structure in which relevant ideas / concepts are

49% reasonably expressed. Work may lack coherence and/or accuracy in places. Can work

) as part of a group, meeting most obligations to others but perhaps with limited
involvement in group activities. Demonstrates the basic skills for employment
requiring the exercise of some personal responsibility, with some areas of minor
weakness.



GOOD 50-59%
©)

Mostly coherent, organised and accurate work, in a suitable structure and is for the
most part clearly expressed. Can work effectively independently and/or as part of a
team, with clear contribution to group activities. Demonstrates the skills for
employment requiring the exercise of some personal responsibility, with some areas
of strength and some of minor weakness.

VERY GOOD 60-69% Work is accurate, coherent, fluent, well-structured and organised. Can work

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

effectively independently and/or as part of a team, with very good contribution to
group activities. Demonstrates very good skills for employment requiring the exercise
of some personal responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group
activities. Demonstrates excellent skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the
exercise of some personal responsibility with an appetite for further development.
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